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A modified memristor chaotic oscillator is proposed for a class of four dimensional chaotic systems. This modification 
can serve as an alternative way of designing the memristor circuit. We used the passive control technique which 
requires a single controller to stabilize the system which is presented in our numerical simulations for validation. Our 
results show that the passive control technique is a very effective technique for controlling chaotic systems. 
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1. INTRODUCTION 
Chaos is a phenomenon which has been found to be 
present in many fields of studies (they include physics, 
biology, chemistry, etc.) and in nature (which include 
weather, earthquake, etc). This chaotic behavior in 
dynamical systems was first studied by Lorenz [1] who 
developed a set of three-dimensional autonomous 
ordinary differential equations which he used to model 
the convection in the atmosphere. Since then other 
chaotic systems have been developed which include 
Rossler system [2], Chen system [3], Lu system [4] and 
many other systems [5-10]. These chaotic systems can 
be very useful in nonlinear circuit [11], communication 
security [12] and many other areas. Despite the fact 
that there are many chaotic systems that have been 
proposed, there are still new chaotic systems that are 
been proposed [13-15].Chaos control is a phenomenon 
in nonlinear dynamics which could mean suppression 
of a chaotic system or enhancement of a chaotic system. 
The idea of chaos control was introduced by a group of 
researchers [16], and since then it has attracted the 
attention of many researchers. In chaos control, 
depending on the technique used, controllers are 
designed which when introduced to the chaotic system 
will asymptotically and globally stabilize the system. In 
this work, we present a memristor chaotic oscillator 
[12] which has been studied extensively [17] and a 
modified form of the memristor chaotic oscillator. We 
also adopt the passive control technique [18-20] to 
stabilize the modified system. A memristor is a device 
in an electrical circuit that controls the flow of 
electrical current and remembers the amount of charge 
that has previously flowed through it. Memristors are 
important because they are non-volatile, meaning that 
they retain memory without power. 
The reason for the choice of technique is because it 
requires a single controller to stabilize the entire 
system unlike other techniques which require three 
controllers.   
 
2. SYSTEM DESCRIPTION 
The memristor chaotic oscillator is defined by [12]: 
 
{
 ̇            
 ̇                   
 ̇                   
 ̇                              
                                          
where α, β, γ, δ and σ are parameters that make the 
system chaotic when α  6.4, β 3.28, γ  9.7, δ  5 
and σ 0.5.  
The chaotic attractor of system (1) is shown in Fig. 1. 
The modified memristor chaotic oscillator is defined 
by: 
{
 ̇            
 ̇                   
 ̇                   
 ̇                              
                                       2  
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Figure 1: 2D attractor for the memristor chaotic 
oscillation. 
 
Figure 2: 2D attractor for the modified memristor 
chaotic oscillation. 
 
We observed that system (2) exhibit the same chaotic 
attractor when α  6.4, β 3.28, γ  9.7, δ  5 and 
σ 0.5 and also when α 8.2, β  .64, γ 9.85, δ 7.5 
and σ 0.25 as can be seen in Fig. 2 
 
3. THEORY OF PASSIVE CONTROL 
Considering system (3) which is modeled by a 
differential equation with input vector u(t) and a 
corresponding output vector y(t)  
{
 ̇            
                       
                                3  
where x ϵ Rn is a state variable, the input u ϵ U and 
output y ϵ Rm. f(x) and g(y) are smooth vector fields. 
h(x) is a smooth mapping. System (3) is said to be 
passive as long as it meets the following condition: 
For any t ≥ 0 there is always a real constant β which 
satisfies the inequality 
∫           ≥  
 
 
                                    4  
or there exist real constant β and ρ˃0 that satisfy the 
inequality 
∫             ≥
 
 
    ∫             
 
 
     5  
If the system has been made passive, then the control 
parameter will asymptotically stabilize to the 
equilibrium x 0 of the system    . If z θ x , then 
system (3) can be transformed into  
{
 ̇           ,                        
 ̇     ,       ,                     
                6  
If system (3) has a relative degree [ ,… ] at x 0, and is 
a minimum phase, system (6) will be said to be passive 
and will achieve stability asymptotically at an 
equilibrium point with the help of a state feedback 
control law: 
      ,     [     ,    
 
  
       ,        ] 
where W(z  is a lyapunov function, α is a positive real 
value and v is an external signal that is connected to the 
reference input. 
 
4. CONTROLLING THE MODIFIED SYSTEM 
Considering system (2), if we put x=z1, z=z2, p=z3, and 
leaving y unchanged then 
{
 ̇              
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 ̇                                    
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In designing the control parameter once the system has 
been made passive, we choose a function of the form: 
   ,         
 
 
   where W (z) is Lyapunov 








    
  
Once the dynamics of system (6) is zero, then it is said 
to describe those internal dynamics which are 
consistent with external constraint y=0 
We have  ́         and 
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Since system (6) is a minimum phase, then we have 
 
  
          0 and  
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Integrating both sides of Eq. (11) we have 
   ,        ,     ∫     





             2  
If V z, y ≥ 0 and setting V zo, yo)= µ when Eq. (12) is 
rearranged we have 





≥ ∫        
 
 
                                     3  
Since Eq. (13) satisfies the condition earlier stated, 
then the system (6) is said to be a passive system. 
Substitute Eq. (7) into the control parameter u we :  
  [                         ] 
 
5. NUMERICAL SIMULATION 
Some numerical simulations are presented in order to 
verify the performance of the control parameter. In the 
simulations, the initial conditions are set to x(0)=1 
,y(0)=4 , z(0)=3 , p(0)=6 , respectively. The fourth-
order Runge-Kutta method is used to solve the 
differential equations (1), (2) and (7) with time step 
size of 0.001in all numerical simulations. In Figs 3, 4, 5 
and 6, we observed that the modified system has 
successfully been controlled.  
 
6. CONCLUSION 
In summary, we have stabilized the proposed modified 
memristor chaotic oscillator using the passive control 
technique which we found to be effective from 
numerical simulation. This control technique requires a 
single control parameter to stabilize the entire system 
unlike other control techniques that require three 
control parameters.   
 
 
Figure 3: Time series for the first state of the modified 
memristor chaotic oscillation when controller is 
activated. 
 
Figure 4: Time series for the second state of the 
modified memristor chaotic oscillation when controller 
is activated. 
 
Figure 5: Time series for the third state of the modified 
memristor chaotic oscillation when controller is 
activated. 
 
Figure 6: Time series for the fourth state of the modified 
memristor chaotic oscillation when controller is 
activated. 
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